Abstract. The paper considers the problem of suppressing vibration in a metal plate with polymeric coating. These types of plates are loaded with periodic variable force. The linear theory of plates and the method of complex numbers were used for calculations. The variation equation of oscillation was solved by the Ritz method. Optimum thickness of polymeric coating was determined for particular compositions of metal and plastics.
Introduction
Thin-walled structures of modern vehicles are subject to dynamic loading caused by the vibration of structural elements in operational conditions. Composite materials may be used to solve this problem. Compositions of metals and plastics are particularly effective for this purpose. Plastics are good thermal insulating materials, though lacking good mechanical properties. They can effectively suppress sound and vibration. Therefore, plastics may be used as a filling or coating.
In the present paper, the problem of vibration attenuation in a plate coated with polymeric material is considered. In the previous works of the authors, compositions of symmetrical structure were analysed [1] [2] [3] [4] [5] [6] .
Formulation of problem
A composition of a non-symmetrical structure consisting of a metal plate coated with polymeric material on one side is considered. This type of plate is loaded with periodic variable force. The problem is to calculate the equation of forced vibration, resonance amplitude, and optimum thickness of the polymeric layer.
Calculations are based on the linear theory of plates and the method of complex numbers. The variation equation of oscillation is solved by the Ritz method.
Equation of forced vibration of a plate
To determine the position of a neutral layer, plate rigidity should be calculated. The coordinate plane x0y was chosen to be at distance z from the support; see Fig  1. The thickness of the metal layer is t 1 , and the thickness of the polymeric coating is t 2 . Flexural rigidity of the plate is expressed as follows: The plate has the lowest rigidity in the neutral layer. To calculate the distance z, the minimum value of the function (1) should be found: Performing some mathematical operations, we get:
The modulus of the elasticity of plastics makes only one tenth of that of metals. For example, it is E 1 = 19.6⋅10
10 Pa for steel, while being E 2 = 0.71⋅10 10 Pa for kapron. The ratio is 6 . 27
When both layers are of the same thickness (t 1 = t 2 ), we get z = 0.53 t 1 , implying that the neutral layer is shifted upwards from the middle of the metal layer by 0.03 t 1 . Since the thickness of the plate is small, this displacement will not be taken into account in further calculations. Thus, z = 0.5 t 1 will be assumed.
The equation of forced oscillations is obtained as the required Hamilton functional
in the equation 
This variation equation, also taking into account inelastic forces, is solved by the Ritz method. A minimizing two-variable function is generated in this way: 
When a harmonic external force acts on a rectangular plate of permanent thickness that is supported around the periphery, the following equations are obtained: For the two-layer plate we get:
The data on the plate layers are as follows: The data with the index "1" refer to the supporting metal layer, while those marked by "2" refer to the plastic layer.
Beam functions were chosen as basic functions for the rectangular plate supported around the periphery. For the main oscillation form (when i = j = 1) we get: The results (9) are substituted into equation (5): 4  2  2  1  2 2  2  1 1  1  3 3  1   2  4  2  2  4  2  2  2  1  2  2  1  1  1  3 3  3 3   2  4  2  2  2  2  2  1 
Optimum thickness of plate coating
To calculate the optimum thickness of the plate coating, the ratio of resonance amplitudes of the plate with or without coating is taken as: 
